Objective: The objective in our study was to examine baseline and other characteristics associated with survival in patients with malignant pleural mesothelioma in Japan. Methods: Three hundred and fourteen patients with an adjudicated diagnosis of mesothelioma were examined. Survival was evaluated by the Kaplan -Meier method with the log-rank test. The Cox model was used to estimate the hazard ratio for the possible prognostic factors. Results: Of 314 patients, 223 (71%) died and only 40 (13%) were still alive at the end of the observation period starting from the day of diagnosis, while 51 (16%) were transferred to other hospitals or had the last health service contact before the end of the study period yielding the median survival of 308 days. In the multivariate analysis, age older than 70 years (hazard ratio ¼ 2.17; 95% confidence interval, 1.36 -3.46), non-epithelioid type (hazard ratio ¼ 1.58; 95% confidence interval, 1.15 -2.18), poor performance status (hazard ratio ¼ 3.22; 95% confidence interval, 1.19 -8.74), high white blood cell count (hazard ratio ¼ 1.49; 95% confidence interval, 0.99 -2.26) and high C-reactive protein level (hazard ratio ¼ 1.80; 95% confidence interval, 1.06 -3.06) were negatively associated with survival, after adjustment for other factors. Conclusions: Some baseline conditions including old age, poor performance status, nonepithelioid type, high white blood cell count and high C-reactive protein level were determinants of poor survival of patients with malignant mesothelioma.
INTRODUCTION
Malignant pleural mesothelioma (MPM) is a rare neoplasm arising from the serosal surface and often diagnosed long after the exposure to asbestos. Once diagnosed as mesothelioma, the median survival is short or only 4 -16 months (1 -3). For example, in an epidemiological study using the Osaka Cancer Registry during the period 1966 -2001, the median survival was 6 months for males and 5 months for females (4) . Imports of asbestos, a well-known causative substance of Factors associated with poor prognosis in patients with MPM include old age, poor performance status (PS), advanced disease stage, thrombocytosis, chest pain, weight loss, asbestos exposure and long duration of symptoms (2, (5) (6) (7) (8) (9) . The epithelioid type is known to be a good prognostic factor whereas the mixed type has been associated with either poor (10) or good prognosis (7) . In the present study, we examined survival and its association with clinicopathologic variables in Japanese patients with MPM with the study size relatively larger than the previous ones (11, 12) .
PATIENTS AND METHODS

PATIENTS
Patients diagnosed with malignant mesothelioma between March 1996 and March 2006 in 26 participating hospitals in seven prefectures in the west part of Japan were evaluated. We followed up individual patients until death, the last health service contact, transfer to another hospital or the end of the study (31 March 2006), whichever came first. We used questionnaires to know gender, age at diagnosis, smoking history and baseline characteristics at diagnosis for PS as defined by the Eastern Cooperative Oncology Group (ECOG), and the clinical stage defined by the International Mesothelioma Interest Group (IMIG) (13) . Information was also obtained on the clinical course, treatment (surgical excision, radiation therapy, pleurodesis and any chemotherapy) as well as hematological and other laboratory data [C-reactive protein (CRP), serum lactate dehydrogenase (LDH) and SPO 2 levels] at diagnosis of malignant mesothelioma.
Diagnosis of malignant mesothelioma made in the individual hospitals was evaluated by the mesothelioma Review Committee consisting of three respiratologists. The final diagnosis was made based on the results of the immunostaining of histological or cytological specimens, chest X-ray images, computer tomography scans and the clinical course of the patient. We carefully evaluated the date when the tissue used to establish diagnosis was taken because the starting point of observation was defined as the date of diagnosis of malignant mesothelioma in this study.
The study protocol was approved by the central ethics review committee (Public Health Research Foundation, Tokyo, Japan) in October 2006. The committee required strong confidentiality protection and a written informed consent from the patient being treated in the study hospital, but judged it was not practical to obtain the consent from those not being currently treated in the hospital and required to display a poster somewhere in each study hospital to announce the study during the study period.
STATISTICAL METHODS
In the crude analysis, the mortality rate was estimated by the person-year method, where the rate was calculated as the number of patients who died divided by corresponding person-years. We stratified patients by various factors and the rate of death was calculated for each level of the factor to estimate crude rate ratios (RRs Survival probabilities were calculated by the KaplanMeier method with the log-rank test. The Cox proportional hazard regression model was used to estimate the hazard ratio (HR) and 95% confidence intervals (CI) for the following factors: age, gender, histological type, ECOG PS, disease stage (IMIG staging), smoking history and past asbestos exposure, as well as laboratory data (hemoglobin level, platelet count, WBC count and levels of CRP, LDH and SPO 2 ). Four therapeutic modalities (surgical excision, radiation therapy, pleurodesis and any chemotherapy) were incorporated into the model as a time-dependent variable. The method of generalized estimating equations was used in order to take into account that one patient might have a baseline period with no intervention and one or more periods of exposure to different combinations of interventions. For missing variables, the method of multiple imputation was employed (14, 15) . We applied SAS PROC MIANALYZE to estimate the parameter of interest using five complete data sets.
RESULTS
Of the 328, 314 patients were with an adjudicated diagnosis of MPM, 314 had pleural mesothelioma, 12 had peritoneal mesothelioma, 1 had mesothelioma of the pericardium and the remaining 1 had mesothelioma of the tunica vaginalis testis. We only included patients with MPM for our analysis. During the average of the observation period of 523 days, 223 (71%) had died but 40 (12%) were still alive at the end of the observation period while 35 (11%) had been transferred to other hospitals and 16 (5%) had had the last health service contact before the end of the study period in patients with MPM.
The profile of patients with MPM is summarized in Table 1 . Patients in this study were predominantly males (87%) with a median age of 67 years. The histological type was epithelioid in 38% of patients, sarcomatoid in 25% and mixed type in 17%. More than half of the patients were in the late stages of disease (stage III or IV of the IMIG staging system), although the majority had a good PS (PS ¼ 0 or 1). Of 314 patients with pleural mesothelioma, 263 (84%) had pleural effusion at diagnosis and of the remaining 51, 7 developed pleural effusion during the observation period after diagnosis. Treatments given to 314 patients with MPM are summarized in Table 2 . Surgical excision of tumors was possible only for 21%, while more than half received some type of chemotherapy. Most patients who underwent surgical excision had this as the first treatment (64 of 67 patients), whereas 80% (n ¼ 139) of 177 patients who had some type of chemotherapy had chemotherapy as the first therapy. On the other hand, this was the case only for a quarter (11 of the 49) of patients who received radiation therapy, indicating that this was usually selected in the late stage after the patient had undergone other types of therapies.
Median survival [interquartile range (IQR)] was 308 days (IQR, 281 -368 days) in the 314 study patients. Figure 1 shows Kaplan -Meier survival curves subclassified for six selected variables. Table 3 shows the results of crude and multivariate analyses for 18 possible prognostic factors. In both crude and multivariate analyses, survival was significantly poor for old age, non-epithelioid type and poor PS. For example, patients with epithelioid, mixed and sarcomatoid types had median survival of 427, 319 and 183 days, respectively. Similarly, poorer PS was associated with poorer survival. Gender, smoking status and past asbestos exposure were not associated with survival in the crude and Cox regression analysis.
Low hemoglobin level (,12.0 g/dl) was an unfavorable prognostic factor in the crude analysis. Both thrombocytosis and thrombocytopenia were associated with a poor prognosis in the crude analysis. High WBC count (.10 000/mm 3 ) was associated with poor survival (Table 3 and Fig. 1 ).
As shown in Table 3 , an elevated LDH and lower SPO 2 were negatively associated with the prognosis in the crude analysis. In both the crude and multivariate analyses, an elevated CRP level was associated with shorter survival, with the median survival at 569, 314 and 201 days, for ,0.3, 0.3-4.0 and .4.0 mg/dl CRP, respectively.
Radiation therapy had negative and surgical excision had positive effects on survival. For instance, the median survivals for patients treated with and without surgical excision were 710 days and 288 days, respectively. However, pleurodesis was not associated with survival either in the crude or 34 Survival in malignant pleural mesothelioma in Japan the multivariate analysis. In the crude analysis, 'any chemotherapy' was associated with poor prognosis, although this was weakened when adjusted for other variables. We also examined survival for patients given radiation and/or chemotherapy after surgical excision and compared with that for patients with surgical excision only in the 64 patients who had surgical excision as the first treatment. The crude RR was 2.39 while the HR in the Cox regression model was 2.72 for patients with radiation and/or chemotherapy after surgical excision when compared with those with surgical excision only (Table 3) .
DISCUSSION
In the current study, we analyzed survival in a retrospective cohort study of 314 patients with MPM in Japan over a 10-year period. Factors associated with poor survival identified in previous studies, including old age, advanced stage of disease, poor PS, and non-epithelioid type and several laboratory results, such as low hemoglobin, high platelet and high WBC levels, were found as factors associated with poor prognosis in the crude and/or multivariate analysis in this study. In addition, this study revealed that a high CRP level was also an important prognostic factor. In our study, the median survival was 308 days (IQR, 281 -368 days) or 10.1 from the day of diagnosis of mesothelioma for 314 patients with confirmed MPM. These results are in line with previous studies where the median survival was reported to be 4 -16 months after diagnosis (1 -3).
Old age has been recognized as a negative prognostic factor (9,10,16), being consistent with our results. The results of previous studies showed a significant association between male gender and poor survival (8, 17) . Gender was, however, not identified as a factor affecting survival in our study, probably in part due to the small proportion of female patients. Our study revealed longer survival for patients with the epithelioid type, being compatible with some (9,18) but not other (2,19) previous studies. We confirmed that an elevated platelet count (.350 Â 10 3 /mm 3 ) is associated with a poor prognosis in the crude analysis, although the association was not remarkable in the multivariate analysis. This is in agreement with the study by Ruffie et al., where 42% of patients with a high platelet count (.400 Â 10 3 /mm 3 ) had a poor prognosis. In our study, MPM patients with a high WBC count had worse survival, consistent with the EORTC study (8) . We also observed that a high CRP level was associated with poor prognosis. A high CRP level is known to be associated with a poor prognosis in patients with malignancy in general (20, 21) .
In the present study, survival benefits attributed to different treatments must be interpreted with caution because patients had often received various therapies with a variety of combinations for different durations before and after the diagnosis of MPM was established. However, some aspects of the information may be worth mentioning. First, pleurodesis has been recommended for the patients with intractable pleural effusion. Because of inaccessibility to talc in Japan, picibanil (OK-432), a preparation of Streptococcus pyogenes, has been used as an antitumor immunomodulator for malignant pleural effusion (22) . However, information for its safety in patients with mesothelioma has been insufficient. OK-432 was administered to 66 (64%) of 103 patients treated with pleurodesis in our study but the RRs for pleurodesis in the crude and multiple analyses were both near 1.0. Therefore, it is unlikely that pleurodesis (with OK-432) has a major impact on survival.
The benefits of surgical treatment for MPM remain controversial. The previous studies showed that surgical procedures for pleurectomy or extrapleural pneumonectomy did not prolong survival (1, 9, 13) , whereas some studies showed that the survival rate in patients with surgical treatment was superior to patients without surgery (23, 24) . In our study, the RR for surgical excision was 0.37 in the crude analysis and the benefit of surgical excision was demonstrated even after adjustment of the baseline information including clinical conditions, such as stages and PS status, likely to represent Figure 1 . Kaplan -Meier survival curves for prognostic factors (log-rank test). (A) Three age groups (P , 0.001), (B) three groups for performance status (P , 0.001), (C) two groups for histological type (P ¼ 0.001), (D) three groups for C-reactive protein (CRP) level (P , 0.001), (E) three groups for platelet count (P ¼ 0.051) and (F) three groups for white blood cell (WBC) count (P ¼ 0.074). 
36
Survival in malignant pleural mesothelioma in Japan the conditions when the patient had this therapy (because 64 of 67 patients had it as the first therapy, normally soon after diagnosis of MPM). Therefore, the better prognosis in the multivariate analysis may be attributed to surgical excision itself rather than the early clinical stage. The best survival was observed in the patients who had surgical excision only.
On the other hand, the RR larger than unity (RR ¼ 1.69) in the crude analysis of 'any chemotherapy' approached unity in the multivariate analysis (HR ¼ 1.26). Because the majority of patients (139 of 177) who received some type of chemotherapy had it as the first therapy, the crude RR higher than unity might indicate that chemotherapy was given to patients with relatively poor prognosis at diagnosis while chemotherapy itself had no major impact on the survival of patients with MPM. Radiation therapy was shown to be associated with a poor prognosis in the crude analysis (RR ¼ 1.87), which became larger by multivariate analysis (HR ¼ 2.34). As only a minority of patients (11 of 49) received radiation therapy as the first treatment, the association between radiation therapy and a poor prognosis might merely indicate that radiation was given relatively late during the clinical course and radiation might be viewed as a marker for poor overall condition when the patient had this therapy late in the clinical course in this study. Some investigators have suggested that radiation therapy has little impact on survival of patients with MPM (2, 25) . In the present study, all of the eligible patients were identified in the study hospitals and a diagnosis of mesothelioma was confirmed by the review committee using immunohistochemistry data of sufficient quality and quantity for most patients. However, for prognostic factors, some information on the study patients was lacking due to the retrospective nature of the current study. For example, some of the previous studies (2, 6, 8) reported that information on clinical manifestations such as chest pain and dyspnea was important for predicting survival of MPM patients. Though those data were not available in our study, it was unlikely that the estimates for other factors were seriously affected by the lack of those clinical manifestations. A total of 51(16%) patients were transferred to other hospitals or had the last health service contact before the end of the study period. The distribution of prognostic factors was, however, similar between those 51 patients and others. In addition, when those 51 were removed, the median survival was estimated to be 288 days, which is a little shorter than but fairly close to the 308 days estimated from the data of all of the 314 patients with MPM.
In conclusion, the baseline characteristics of MPM patients, such as old age, poor PS, non-epithelioid type, high WBC count and high CRP level at diagnosis had independent influence on the poor survival of patients with MPM in the current study, even though a variety of treatments were given to patients thereafter. Surgical excision was likely to have improved the prognosis of patients with MPM, while pleurodesis and chemotherapy seemed to have no major impact on survival. The median survival was 308 days in our study, which indicates that the course of MPM remains aggressive and unfavorable. Our study may provide the information important in evaluating the effect of new interventions in the future.
